Chronic sclerosing sialadenitis (CSS) is a chronic inflammatory condition of uncertain etiology, primarily affecting the submandibular glands. It has recently been proposed that CSS belongs to the immunoglobulin G4 (IgG4)-related disease spectrum, although the exact relationship between these two entities requires further elucidation. Our aim is to present a case of bilateral CSS of the sublingual glands and discuss the possible underlying pathogenetic mechanisms. A 66-year-old woman presented with a 7-month history of an asymptomatic firm swelling of the floor of the mouth. Clinically, a diffuse, multinodular swelling of elastic to firm consistency was observed across the sublingual folds bilaterally. An incisional biopsy revealed a lymphoplasmacytic infiltrate with lymphoid follicle formation, along with acinar degeneration, fibrosclerosis and ductal dilation. Immunohistochemical investigation ruled out lymphoproliferative diseases revealing a polyclonal lymphoplasmacytic population with only a few scattered IgG4-positive plasma cells. IgG4 serum levels were also normal. No treatment was administered with progressive spontaneous resolution of the swelling and no evidence of recurrence at 2 years follow-up. CSS is a benign salivary gland disorder, which, at least in a subset of cases, may represent an IgG4-associated disorder. Therefore, immunohistochemical evaluation of the IgG4/IgG plasma cell ratio and the IgG4 serum levels is a recommended investigation in the diagnostic work-up of CSS cases.
INTRODUCTION
Chronic sclerosing sialadenitis (CSS) is a chronic fibrosing inflammatory condition, first described by Küttner [1] in 1896, most commonly affecting the submandibular glands [2] [3] [4] . Clinically, CSS may present as a unilateral or rarely bilateral, asymptomatic or mildly symptomatic firm swelling of the involved gland, often mimicking a neoplasm [2, 3, 5] . Histologically, CSS shows marked lymphocytic infiltration with reactive lymphoid follicle formation, periductal fibrosis, acinar atrophy and interlobular sclerosis [3, 5, 6] .
Although the pathogenesis of CSS remains uncertain, a wide range of etiologic factors has been proposed including sialolithiasis, secretory disorders, infectious agents, ductal abnormalities and immunopathologic reactions [2, 5] . Kitagawa et al. [7] suggested that CSS belongs to the immunoglobulin G4-related disease (IgG4-RD) spectrum, a recently described, systemic, immune mediated disease with multi-organ involvement. Since then, the possible association between chronic sclerosing sialadenitis and IgG4-RD has been postulated.
Here we report a very rare case of bilateral CCS of the sublingual glands in a 66-year-old woman. The clinical, microscopic and immunopathological features are presented and the possible underlying pathogenetic mechanisms of this, possibly under-recognized, condition are also discussed.
CASE REPORT
A 66-year-old female presented to the Oral Medicine Clinic, School of Dentistry, National and Kapodistrian University of Athens, Greece for evaluation of a mildly painful swelling of the floor of the mouth of 2 weeks duration. At the onset, the patient visited the Oral and Maxillofacial Surgery Clinic of a local hospital, where broad-spectrum antibiotics (amoxicillin 1 g bid plus metronidazole 500 mg tid) were administered for 1 week with only minimal improvement of the swelling.
According to the patient, the first episode of swelling at the area was observed approximately 7 months ago. At that time, panoramic radiograph, computed tomography (CT) scan and ultrasound (US) imaging were performed without remarkable pathologic findings. However, imaging of the sublingual gland region with CT scan was distorted due to the metal artifacts produced by the patient's dental prosthetic appliances. Antibiotic treatment was prescribed and the swelling subsided within 1 week.
The medical history was remarkable for a papillary thyroid carcinoma, developing in the context of Hashimoto's thyroiditis, diagnosed 3 years ago and managed with thyroidectomy without radioactive iodine treatment. Since then, the patient was on levothyroxine 75 mg qd. Moreover, she had hypertension treated with a combination of an angiotensin II receptor antagonist and a thiazide diuretic (olmesartan medoxomil 20 mg plus hydrochlorothiazide 12.5 mg qd) for the last year and hypercholesterolemia, for which she was receiving atorvastatin (20 mg qd) for the last 7 months. She also reported cardiac arrhythmia managed with a non-selective competitive beta-adrenergic receptor blocker I (class III antiarythmic, sotalol hydrochloride 80 mg tabs qd) for the last 2 years. A recent complete blood cell count showed mild anemia and an elevated erythrocyte sedimentation rate (ESR).
Clinically, a diffuse, firm, non-tender on palpation swelling was noticed across the sublingual folds bilaterally, more prominently on the left side [ Figure 1 ]. Saliva production from all major salivary glands and unstimulated whole saliva flow rate at 5 min were within normal limits. The remaining of the oral mucosa was also normal, no dental pathology in the lower teeth was identified and no cervical lymphadenopathy was noted. The differential diagnosis included chronic sialadenitis, salivary gland neoplasms, granulomatous disorders (e.g., sarcoidosis), Sjogren's syndrome (although the salivary flow rate was normal) and deposition diseases, such as amyloidosis.
Occlusal and panoramic radiographs were non-contributory [ Figure 2 ], while a new US and magnetic resonance imaging [ Figure 3 ] of the sublingual/submandibular region did not reveal any evidence of a spaceoccupying or other lesion.
An incisional biopsy of the left sublingual gland swelling was performed under topical anesthesia. Histopathologic examination revealed a dense diffuse lymphoplasmacytic infiltration of the salivary gland parenchyma with prominent lymphoid follicle formation and preservation of lobular architecture, extensive acinar degeneration, ductal dilation and dense interlobular fibrosis [ Figure 4 ]. Although several serial sections were examined, no signs of sialolith (as a possible cause of obstructive sialadenitis) were noted. Further, the lymphoid cells did not demonstrate atypia and immunohistochemical investigation revealed a polyclonal Based on the clinical and microscopic findings, a provisional diagnosis of CSS was rendered. To exclude the possibility of an IgG4-related disease, further immunohistochemical studies were performed, showing only a few scattered IgG4 positive plasma cells with a low IgG4/IgG ratio. In addition, serological examination, including IgG subtypes, was normal with the exception of an elevated IgG2 level [ Table 1 ].
The post-operative course was uneventful with complete resolution of symptoms and a significant decrease of the swelling within 2 weeks. The residual swelling was spontaneously resolved in the course of the next few weeks. During regular follow up examination for the next 2 years, no signs of recurrences were noticed; only a minimal asymptomatic firmness was palpable along the left sublingual fold, possibly due to scar tissue from the previous biopsy procedure.
DISCUSSION
CSS usually affects middle aged or elderly patients with a slight male predominance [8] [9] [10] . Clinically, it may present as a unilateral or rarely bilateral, asymptomatic or mildly painful, firm swelling of the involved salivary gland . Salivary flow rate is usually normal or slightly decreased [8] . CSS typically affects the submandibular gland; however, involvement of the parotid, the sublingual gland and the minor salivary glands has also been reported [3, 11, 12] . To the best of our knowledge, CSS affecting the sublingual gland is exceedingly rare [12] . Histopathologically, the lesions of CSS, similar to our case, show marked lymphoplasmacytic infiltration with formation of reactive lymphoid follicles, extensive fibrosis, ductal dilatation, acinar degeneration and, in some cases, obliterative phlebitis [8, 13] . Seifert and Donath [14] in 1977 proposed four histological stages of progressive inflammation in CSS. At the initial stage, lymphocytic infiltration around dilated ducts containing inspissated material is observed. Stage 2 is characterized by an increased lymphocytic infiltration with formation of lymphoid follicles, interstitial fibrosis, acinar atrophy and inspissated secretions in the ductal system, while ductal epithelium may show focal metaplasia with proliferation. At stage 3, the lymphocytic infiltration is even more intense, accompanied by lymphoid follicle formation, parenchymal atrophy, periductal hyalinization and sclerosis, while ductal epithelium metaplasia may also be present. At the last stage, inflammation leads to the destruction of the gland with parenchymal loss and sclerosis [14] . The microscopic findings of our case were more consistent with stage 2.
The histopathologic differential diagnosis of CSS includes mainly Sjӧgren's syndrome and malignant lymphomas. Features such as presence of dense fibrosis, absence of lymphoepithelial lesions and infiltration by abundant plasma cells help distinguish CSS from Sjӧgren's syndrome [8] . CSS must also be differentiated from malignant lymphomas, especially non-Hodgkin B-cell lymphomas, which, albeit rare, represent the most common type of lymphoma affecting the salivary glands. In contrast to lymphomas, cellular atypia in CSS is absent and B-cell polyclonality is revealed immunohistochemically, as shown in our case. On the other hand, a rare case of extranodal marginal zone B-cell lymphoma of MALT type arising on the grounds of CSS has been described and, as such, regular follow-up until complete resolution of CSS may be indicated [15] . The pathogenesis of CSS remains obscure. Initially, sialoliths were considered the most likely etiologic factor; it has been reported that, approximately 29% up to 83% of CSS cases, are related to the presence of sialoliths . In cases of chronic obstructive sialadenitis, the microscopic appearance is characterized by mild interlobular fibrosis with lack of the characteristic lymphoid follicle formation and intense lymphoplasmacytic infiltration [7, 8] . However, it remains unclear whether the development of sialoliths is the cause or the result of the inflammatory process [4, 11] . In addition, in 70% of cases in which a sialolith was present, surgical excision did not result in resolution of the swelling [3] . Moreover, the progressive character of the inflammation observed in CSS, cannot be explained solely by the obstructive process [5] . Hence, it appears more likely that sialolithiasis is a secondary process to sialadenitis that may not be implicated in the pathogenesis of CSS [11, 16] . Although our patient was treated with a thiazide diuretic drug that may cause decreased salivary flow and dehydration predisposing to chronic obstructive sialadenitis, serial histopathologic sections did not reveal any findings suggestive of either inspissated material or sialolith formation. Further, normal salivary flow rate from all major salivary glands was noted. . In our patient, although sialectasia was present, no inspissated material was observed histopathologically in the ductal system, while unstimulated whole saliva rate was normal. On the other hand, the histopathological appearance of CSS lesions characterized by the presence of dense lymphocytic infiltration with lymphoid follicle formation and destruction of the gland, suggests that immunopathological reactions may be responsible for CSS [5] .
Kitagawa et al. [7] in 2005 gave a new insight into the pathogenesis of CSS suggesting that it belongs to the IgG4-related disease (IgG4-RD) spectrum, a recently recognized systemic disease with multi-organ involvement. IgG4-RD is a distinct condition characterized by diffuse enlargement or nodular/hyperplastic lesions of the involved organs, due to a prominent infiltration by lymphocytes and abundant IgG4-positive plasma cells, accompanied by a variable degree of fibrosis. Increased serum IgG4 levels and a good responsiveness to corticosteroids are also observed. Patients with IgG4-RD may have, either simultaneously or subsequently, multi-organ lesions or only single organ involvement [7, 13] . This entity came into light first by Hamano et al. [18] in 2001, who reported that the high serum concentrations of IgG4 in patients with sclerosing pancreatitis were reduced effectively with corticosteroid treatment, resulting in clinical remission. In Table 2 , the diagnostic criteria proposed by Okazaki and Umehara [13] in 2012 for IgG4-RD have been summarized.
The systemic nature of IgG4-RD was revealed by later studies that reported the involvement of numerous organs, including the lacrimal/salivary glands, thyroid gland, bile ducts, lung, kidney, retroperitoneum, central nervous system, liver, lymph nodes, prostate gland, skin and arteries. In Table 3 , the IgG4-related disease spectrum is summarized [13] . As a result, over the last decade, the spectrum of IgG4-RD has been broadened comprising a variety of previously described diseases that seemed to be unrelated, such as Mikulicz's disease (MD), Küttner's tumor, autoimmune pancreatitis, inflammatory pseudotumor of the orbit, retroperitoneal fibrosis, Riedel thyroiditis and a subtype of Hashimoto thyroiditis (HT) [19, 20] . MD, formerly considered to be a part of Sjӧgren's syndrome (SS) clinical spectrum, is characterized by the persistent symmetrical swelling of at least two lacrimal and major salivary glands for more than three months [8] . Recent studies have revealed that SS and MD are two distinct entities, the latter exhibiting the characteristic features of IgG4-RD [17, 21] . In addition, Küttner's tumor and MD both show salivary gland involvement with similar histopathological features, but CSS lesions exhibit more intense fibrosis [8, 19] . In contrast, other authors suggest that CSS and MD may actually represent two variants of IgG4-associated sialadenitis [8] .
Although IgG4-RD is a well recognized disease, its pathogenesis and the role of IgG4 remain unclear. Autoimmunity has been speculated as the most probable pathogenetic mechanism. Lactoferrin and carbonic anhydrase, expressed in exocrine organs such as salivary gland and pancreas are considered potential autoantigens. Although autoantibodies against these antigens are the most often detectable ones in the serum of IgG4-RD patients, autoantibodies against the IgG4 molecule have not been detected [19, 22] . It still remains unclear whether IgG4 is implicated directly or is just a bystander in the course of pathogenesis of IgG4-RD, during which an unknown primary inflammatory process leads to a secondary IgG4 over expression [22, 23] .
Recent studies have shown that IgG4-RD is characterized by the predominant activation of T-helper type 2 (Th2) and regulatory T-lymphocytes (Treg cells) [19, [22] [23] [24] . The Th2 cells produce interleukin (IL)-4, IL-5, IL-10, IL-13,while Treg cells produce IL-10 and transforming growth factor-beta (TGF-β) [19, 22] . IL-10 has the ability to direct B cells to produce IgG4 and, as a result, to induce an IgG4 class switch, while TGF-β induces fibroplasias [19, [22] [23] [24] . At present, there is an increasing evidence that CSS is an IgG4-RD [8, 9, 19] . Although our case did not meet the serological and histopathological diagnostic criteria for IgG4-related disease, as proposed by Okazaki and Umehara [13] in 2012 [ Table 2 ], a rare case of IgG4-RD-like multi-organ condition with involvement of the salivary glands, absence of IgG4 plasma cell infiltration and normal serum IgG4 levels has been reported recently by Hara et al. [23] in 2014. The authors hypothesized that a possible abnormality of the IL-10 signaling might have not allowed the IgG4 class switch.
Another aspect of IgG4-RD that has attracted a strong attention recently is the relationship between IgG4 and malignancy. Sporadic cases of tumors occurring in a background of IgG4-RD have been reported. Ito et al. [25] in 2011 described a case of thyroid papillary carcinoma accompanied by HT in a patient with IgG4-RD disease that involved the salivary glands, the pancreas and the biliary tract. They also reported that IgG4 positive plasma cells and fibrosis surrounded solid tumor nests, both at the primary tumor site and the metastatic lymph nodes [25, 26] . As mentioned before, a subtype of HT is considered to be IgG4-related [20] . Moreover, HT is considered a risk factor for papillary thyroid carcinoma. Taşli et al. [27] in 2014 investigated the possible role of IgG4 in the relationship between these two entities and reported an increased papillary carcinoma prevalence in IgG4 positive HT cases, compared to the IgG4 negative ones, suggesting that IgG4 plasma cells may be implicated in carcinogenesis [27] . Interestingly, our patient had a history of thyroidectomy due to a papillary thyroid carcinoma on the grounds of HT 3 years before the diagnosis of CSS, although the relationship between IgG4 positive levels and the underlying thyroiditis had not been investigated.
Concerning the treatment of CSS, there is a lack of specific protocols in the literature. However, the treatment options that have been reported so far vary between conservative to more aggressive. In cases of CSS due to sialolithiasis, surgery is the treatment of choice [2] . Spontaneous regression of the lesions in the absence of sialolithiasis has also been reported [3] . Since an IgG4-related process has been considered to be implicated in the CSS pathogenesis and a favorable response to corticosteroid treatment has been observed in IgG4-RD cases, this treatment option has also been applied with good results In conclusion, CCS is an under-recognized benign salivary gland disorder of unknown etiology that may represent, at least in some cases, an IgG4-associated disease [30, 31] . In this regard, immunohistochemical evaluation of the IgG4/IgG positive plasma cell ratio and the IgG4 serum levels should be performed in all cases although histopathologic examination remains the main diagnostic procedure [32] . Although our case did not meet the immunohistochemical and serological diagnostic criteria of IgG4-related sialadenitis, a rare case of IgG4-RD-like lesions with normal serum and scanty IgG4 tissue positivity has been described. Additionally, no sialoliths were observed nor any other cause could be identified. Therefore, long term follow-up in all CSS cases, even in the absence of typical IgG4-RD features, is recommended.
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